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h  i  g  h  l  i  g  h  t  s
 A  new  HPLC-DAD-MS  method  for
analysis  of the  crude  extract  of  L. sali-
cifolia  leaves.
 Twenty  substances  were  identiﬁed.
 Ninety-three  wild  specimens  were
analyzed.
 A  correlation  between  geographic
isolation  and  decrease  of the  chem-
ical  similarity.
 The  pattern  of metabolites  depends
on  the geographical  distribution  of
the specimens.
g  r  a  p  h  i  c  a  l  a  b  s  t  r  a  c  t
Statistical  analysis  revealed  that  there  is a  correlation  between  geographical  localization  of  Lychnophora
salicifolia  samples  and  polar  metabolites  proﬁle  for  specimens  collected  from  different  locations.
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a  b  s  t  r  a  c  t
Lychnophora  salicifolia  Mart.,  which  occurs  in  the  Brazilian  Cerrado  in  the states  of  Bahia  and  Minas
Gerais  as  well  as  in the  southeast  of  the  state  of  Goiás,  is  the  most  widely  distributed  and  also  the
most  polymorphic  species  of  the  genus.  This  plant  is  popularly  known  to  have  anti-inﬂammatory  and
analgesic  activities.  In this  work,  we  have  studied  the variation  in terms  of polar  metabolites  of  ninety-
three  Lychnophora  salicifolia  Mart.  specimens  collected  from  different  regions  of  the  Brazilian  Cerrado.
Identiﬁcation  of  the  constituents  of  this  mixture  was  carried  out  by analysis  of the  UV  spectra  and  MS
data  after  chromatographic  separation.  Twenty  substances  were  identiﬁed,  including  chlorogenic  acid
derivatives,  a ﬂavonoid  C-glucoside,  and  other  sesquiterpenes.  The  analytical  method  was  validated,  and
the  reliability  and  credibility  of  the  results  was  ensured  for  the  purposes  of  this  study.  The  concentration
range  required  for  analysis  of  content  variability  within  the  analyzed  group  of  specimens  was  covered
with  appropriate  values  of  limits  of detection  and  quantitation,  as  well  as satisfactory  precision  and
recovery.  A  quantitative  variability  was  observed  among  specimens  collected  from  the  same  location,  but
on  average  they  were  similar  from  a chemical  viewpoint.  In relation  to the  study  involving  specimens  from
different  locations,  there  were  both  qualitative  and  quantitative  differences  among  plants  collected  from
different  regions  of  Brazil.  Statistical  analysis  revealed  that  there  is  a  correlation  between  geographical
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localization  and  polar  metabolites  proﬁle  for  specimens  collected  from  different  locations.  This  is evidence
that  the  pattern  of metabolites  concentration  depends  on  the  geographical  distribution  of  the  specimens.
© 2012 Elsevier B.V. All rights reserved.
1. Introduction
Lychnophora salicifolia Mart. (Vernonieae, Asteraceae) is pop-
ularly known in Brazil as arnicão.  It has been traditionally used
as an anti-inﬂammatory and analgesic agent, and it is also
widely employed as ﬂavorings for the traditional Brazilian spirit
“cachac¸ a” in the same way as false arnica or “arnica da serra”
(Lychnophora ericoides Mart.). Arnicão is the most widely dis-
tributed species of the genus and occurs in the Brazilian Cerrado,
more speciﬁcally in the states of Bahia and Minas Gerais and in
the southeast of the state of Goiás. It is considered to be the
most typical [1] and the most polymorphic [2] species of the
genus. Its antibacterial activity against Staphylococcus aureus and
its antifungal properties, including its action against Candida albi-
cans [3],  have been reported. The extracts from its leaves and
ﬂowers have been described to display trypanocidal action [4].
Recently, a compound from its leaves has been demonstrated
to display inhibitory action on the adhesion and locomotion of
neutrophils, which may  account for its anti-inﬂammatory effects
[5].
It is known that specimens of the same species can be differ-
ent in terms of the presence of one or more classes of chemical
constituents over time and space, and that these variations can
be seasonal or daily and can occur intraplant or interplant [6].
The diversity of chemical components can be due to a number
of factors, such as climate and the action of herbivores [6–10].
However, most studies on the chemical variability of plants have
been limited to commercially important species that may  have suf-
fered pressure from the search for certain characteristics desired
by humans. This is the reason why studies involving wild plants
are essential [6].  Chemically, the family Asteraceae is charac-
terized by its great diversity of secondary metabolites, such as
monoterpenes, diterpenes, triterpenes, sesquiterpenes, including
the sesquiterpene lactones, polyacetylenes, ﬂavonoids, phenolic
acids, benzofurans, and coumarins [11]. A recent review on the
chemical constituents of the Lychnophorinae tribe has revealed
signiﬁcant variation in the occurrence of secondary metabolites
in the genus Lychnophora [12]. Considering a single species, three
phenomena can account for the observed differences: (a) accom-
plishment of a phytochemical investigation looking for a speciﬁc
class of target secondary metabolites only, such as sesquiterpene
lactones [13,14]; (b) performance of bioguided fractionation, which
inspects a typical biological activity and may  result in the isolation
of a common class of secondary metabolites [15–17];  and (c) nat-
ural chemical variations in metabolism or presence of chemotypes
[6–8,10].
Bearing in mind the possible variation in terms of secondary
metabolites content, this work aims to investigate the possible
alterations in the chemical content of the MeOH/H2O extract of L.
salicifolia leaves collected from three different regions of Brazil. For
this purpose, an HPLC-DAD method has been developed, and peak
identiﬁcation has been carried out using HPLC-DAD-MS/MS data
and co-injection with authentic standards. The validated method
applied herein only represents the major secondary metabolites
identiﬁed in the specimens, which has allowed for a quantita-
tive analysis of the main classes of secondary metabolites. Finally,
a statistical analysis has also been conducted, in order to evalu-
ate the chemical variability among the specimens collected from
areas located in the Brazilian states of Bahia, Goiás, and Minas
Gerais.
2. Experimental
L. salicifolia specimens from 10 different locations, designated
NPL 321, 325, 327, 338, 343, 344, 347, 348, 362, and 363 (code
of deposit in the herbarium), were investigated. Samples from the
same locality were randomly named using the site code followed
by a Roman numeral (ex: 321 I, 321 II, 321 III, etc.).
Branches from 93 specimens of L. salicifolia were collected from
three distinct Brazilian regions, namely Bahia (BA), Minas Gerais
(MG) and Goiás (GO). The following designations correspond to the
city–state, identiﬁcation, number of specimens collected at each
site, and their exact location:
Piatã-BA: NPL 321 – 10 specimens (S 13◦04′27.2′’ W 41◦48′09.
01′’); NPL 325 – 9 specimens (S 13◦03′60.9′’ W 41◦52′47.1′’); NPL
327 – 10 specimens (S 13◦06′11.3′’ W 41◦51′20.3′’); Jussiape-BA:
NPL 338 – 9 specimens (S 13◦28′15.2′’ W 41◦29′19.9′’); Rio das
Contas-BA: NPL 343 – 10 specimens (S 13◦31′49.2′’ W 41◦54′54.0′’);
NPL 344 – 6 specimens (S 13◦28′42.7′’ W 41◦51′18.6′’); Montes
Claros-MG: NPL 347 – 10 specimens (S 16◦56′12.0′’ W 43◦51′38.4′’);
Olhos d’água-MG: NPL 348 – 9 specimens (S 17◦27′29.7′’ W
43◦34′10.0′’); Cardeal Mota-MG: NPL 362 -10 specimens (S
19◦17′42.2′’ W 43◦36′0.9′’); Alto Paraíso-GO: NPL 363 10 specimens
(S 13◦55′7.06′’ W 47◦25′9.71′’). To facilitate the discussion, we  will
refer to these specimens using the number identiﬁcation only. As
soon as possible, the plant samples were dried at 40 ◦C under forced
ventilation, for 48 h.
Considering that species of the genus Lychnophora suffer from
the devastation of the Cerrado caused by its indiscriminate col-
lection by natives for use in hydroalcoholic preparations, we tried
to use the least possible amount of plant material, so as to pre-
serve the integrity of the plants. In a previous study conducted by
our research group, Gobbo-Neto veriﬁed no signiﬁcant variation
between branches collected from the same plant [18]. There-
fore, only one branch was collected from each individual plant at
mid-height, and all the leaves of this branch were separated and
ground.
2.1. Analyses by HPLC-DAD and HPLC-MS/MS
An HPLC instrument consisting of an LC-6AD pump, an SIL-
10AF autoinjector and a SPD-M10Avp diode array detector from
Shimadzu (Tokyo, Japan) controlled by the SCL-10Avp controller
and the software CLASS-VP 6.14 was  used for chemical variability
analysis and validation of the analytical methodology.
The MS2 and MS3 spectra of the substances were acquired on
another HPLC instrument consisting of an LC-20A pump, a diode
array detector SPD-M20A controlled by a CBM20A controller and
the software LC solution from Shimadzu (Tokyo, Japan) connected
with an IT mass spectrometer Esquire HCT, Bruker Daltonics, (Bil-
lerica, USA) equipped with an electrospray source. Nitrogen was
used as nebulizing (15 psi) and drying gas (5 L min−1, 350 ◦C). To
obtain the accurate masses, a QqTOF mass spectrometer UltrOTOFq,
Bruker Daltonics, (Billerica, USA), was employed by using the same
parameters.
A column Spherisorb ODS-2 (5 m,  4.6 mm × 250 mm)  (Sigma
Aldrich) coupled with a guard-column (4.6/10.0 mm)  of equiv-
alent material was  utilized. HPLC grade methanol (MeOH)
and acetic acid were obtained from J.T. Baker. De-ionized
water 18 m (Milli-Q, Millipore) was  used throughout the
study.
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2.2. Sample preparation for chromatographic analysis
Powdered leaves (75 mg)  were weighed in a glass vial and
extracted with 3 mL  MeOH/H2O (1:1) solution containing the inter-
nal standard caffeine (100 g mL−1) in an ultrasonic bath, for
10 min. The extract was ﬁltered on a 0.45 m cellulose acetate
membrane and submitted to HPLC analysis, by injection of 20 L
aliquots.
2.3. Analytical HPLC method
The following elution gradient with a ﬂow rate of 1.0 mL  min−1
was employed, where solvent A = aqueous acetic acid 1% (v/v)
and solvent B = MeOH/acetic acid 99:1 (v/v). Elution proﬁle:
0–20 min: 15–25% B (linear gradient), 20–30 min: 25–30% B (lin-
ear gradient), 30–35 min: 30–35% B (linear gradient), 35–80 min:
35–55% B (linear gradient), 80–100 min: 55–65% B (linear gradient),
100–110 min: 65–70% B (linear gradient), 110–120 min: 70–80%
B (linear gradient), 120–122 min: 80–100% B (linear gradient),
125–130 min  (column washing): 100% B (isocratic), 130–135 min:
100–15% B (linear gradient), 135–140 min  (column equilibration):
15% B (isocratic). The UV-DAD detector was set to record between
210 and 600 nm and UV chromatograms were processed at 254 (for
lychnopholic acid and the internal standard caffeine) and 300 nm
(for chlorogenic acid derivatives and vicenin-2).
2.4. Validation of the analytical method by HPLC-DAD
A standard of each class of metabolites was chosen for validation
of the analytical method: 5-O-E-caffeoylquinic acid (analyzed
at 300 nm), vicenin-2 (6,8-di-C--glucosylapigenin) (analyzed at
300 nm), and 2-O-acetyl lychnofolic acid (analyzed at 254 nm).
2.5. Linearity
To assess the linear range of the method, aliquots of the stan-
dard solutions at concentrations of 1, 2, 5, 10, 20, 50, 100, 150, 200,
and 500 g mL−1 were injected in triplicate. The standard solutions
were obtained by serial dilution using a MeOH/H2O (1:1) solution
containing the internal standard caffeine.
2.6. Precision
Repeatability (intra-assay precision) of the method was  deter-
mined by injecting standard solutions at low, medium, and high
concentrations (50, 100, and 150 g mL−1, respectively), in tripli-
cate.
In the case of the intermediate precision, the determination was
carried out by injection of standard solutions, also at three con-
centrations: low, medium, and high. This was accomplished in the
same laboratory, by the same analyst, but on different days.
2.7. Recovery
To study the recovery it was ﬁrst necessary to obtain the
“blank matrix”, which was prepared by exhaustive extraction of
ground leaves of L. salicifolia with MeOH/H2O solutions. To this end,
500 mg  ground leaves were subjected to 4 extractions with 15 mL
MeOH/H2O (1:1) in an ultrasonic bath for 30 min. After each extrac-
tion, the extract was ﬁltered on ﬁlter paper for implementation of
the subsequent stages. The last extract was concentrated and ana-
lyzed by HPLC-DAD, and no peaks relative to the metabolites were
detected. This material was then totally dried at 60 ◦C.
Finally, the recovery of the method was examined by addition
of 3 mL  standard solutions diluted in MeOH/H2O (1:1) at three
different concentrations: low, medium, and high (50, 100, and
150 g mL−1, respectively) to the blank matrix (75 mg), followed
by subsequent extraction using the same process employed for the
samples, which consisted of ﬁltration and direct analysis of the
extraction solution by HPLC-DAD.
2.8. Stability
Prior to method validation, it was necessary to evaluate the sta-
bility of the samples prepared from the target specimens. To this
end, specimen 321 was  analyzed at different times. Brieﬂy, the sam-
ple was injected immediately after preparation (T 0) and at 12 (T
12), 24 (T 24), and 48 (T 48) h after preparation. These times were
chosen according to the period during which the samples were left
to stand in the autosampler at room temperature for analysis of
chemical variability.
Another stability test was  performed using the standard solu-
tions employed in the analytical methodology. Standard solutions
at three concentrations (50, 100, and 150 g mL−1 diluted in
MeOH/H2O 1:1) were assayed, as well as the solution containing
the internal standard only, after 24 h of preparation and storage in
an autosampler at room temperature.
2.9. Chemical variability statistical evaluation
Aiming to identify variations in the proﬁle of the specimens
collected from different sites, multivariate analysis methods were
applied [19,20]. HLPC-DAD data were used for the statistical anal-
yses. We carried out statistical tests using the software R together
with the packages vegan [21] and CCA [22]. The variables lati-
tude (UTM), longitude (UTM), and altitude (m)  were employed
as descriptive variables for the formation of groups of samples
collected at different locations and altitudes. After data were stan-
dardized as mean and standard deviation, hierarchical cluster
analysis was utilized by adopting the Euclidean distance as a mea-
sure of similarity and the Ward method for group connection.
On the basis of the number of natural groups formed by hierar-
chical cluster analysis, non-hierarchical cluster analysis (K-means)
was  accomplished including only geographical values (K1). Next,
metabolite concentrations present in the specimens belonging to
the different groups as determined by K1 were compared by means
of the T2 Hotteling test, which enables comparison of plant com-
position in a multivariate level. Also on the basis of these groups
(four), an independent K-means (K2) was conducted, where only
metabolite values were considered, so as to compare group by
group according to the arrangement of specimens furnished by K1
and K2 analysis.
How metabolites are inﬂuenced by the geographical location of
the specimen was  also evaluated. To this end, ﬁrstly the metabo-
lites that were more related to the geographical variables were
selected by applying principal component analysis (PCA). Eigen-
vectors were included when the unit (Kaiser criteria) was  overcome
and the coordinates of the variables on the eigenvectors were con-
sidered in their correlation (PCA(1)). Thus, only variables presenting
coordinates higher than 0.6 or lower than −0.6 on at least one sig-
niﬁcant eigenvector were taken into account. A second PCA (PCA(2))
was  accomplished by using the signiﬁcant variables from PCA(1) as
actual variables, and the non-signiﬁcant variables were plotted as
supplementary variables only.
After selection of the variables, a canonical correlation analysis
(CCA) was applied, in order to test the extent to which the geo-
graphical location of the plant inﬂuences its chemical composition.
The canonical correlation analysis can measure how two  sets of
variables are correlated to each other; the ﬁrst set is formed by
independent variables, whereas the other consists of dependent
variables [23]. In the current study, the geographical coordinates
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Fig. 1. Compounds identiﬁed in the crude MeOH/H2O extract obtained from ground leaves of Lychnophora salicifolia.
(latitude, longitude and altitude) were considered independent
variables, due to two factors. First of all, they can inﬂuence humidity
and temperature, thus affecting plant growing conditions. Sec-
ondly, the degree of populations isolation may  cause reduction
in the genes ﬂux among such populations, thereby increasing the
diversity among plants of different populations. Because plant
metabolites may  respond to plant growing conditions and genetic
inﬂuences, their abundances were taken as dependent variables.
The correlations between groups of variables were considered on
the basis of cross-loading values, and the model was measured by
the redundancy values method (R2).
3. Results and discussion
Twenty compounds were identiﬁed in the crude MeOH/H2O
extract (Fig. 1) obtained from ground leaves of L. salicifolia. Identiﬁ-
cation of the compounds was accomplished as previously described
by Gobbo-Neto and Lopes [24]. Supporting data are presented in
Table 1 and in the supplementary material.
On the basis of the phytochemical data reported for the genus
and for this particular species, we carried out the UV spectral char-
acterization of the compounds. Comparison with the fragmentation
proﬁles of chlorogenic acids described in the literature supported
our identiﬁcation of this type of compound [25–28].  As for the
other compounds present in the evaluated extract, accurate mass
data and comparison with previously described standards isolated
by our research group were essential for their complete structural
elucidation [3,4,12,29–31] (for complete details and access to the
original spectra, see supplementary material).
In other studies, sesquiterpene lactones have been reported
for this species [31,32]. However, it is noteworthy that these
substances were not identiﬁed/detected in the examined speci-
mens. Sesquiterpene lactones are the main compounds employed
for Vernonieae systematics [33]. Recent phytochemical investiga-
tions have suggested that not all Lychnophora species can store
or produce sesquiterpene lactones [34]. An example of a chro-
matogram with the numbers of the identiﬁed signals is illustrated
in Fig. 2. A previous analysis of the DAD chromatogram showed that
most compounds absorb at 300 nm,  and that only the lychnopholic
acid has maximal absorbance at 254 nm.  Therefore, we  selected 254
and 300 nm for data processing.
3.1. Validation of the analytical method using HPLC-DAD
Validation of the analytical methodology was conducted
in accordance with current Brazilian and international leg-
islations [35,36], taking into account that the aim of val-
idating an analytical procedure is to demonstrate that it
is suitable for its intended purpose, and that an analytical
method should meet the requirements of analytical applications,
thereby ensuring the reliability and credibility of the results
[35,36].
The following parameters were evaluated herein: linearity,
limits of detection and quantitation, precision, and recovery.
To this end, a standard representing each class of identiﬁed
metabolite was  employed, since the use of standards for each
identiﬁed metabolite would not be feasible. For representation of
chlorogenic acids, ﬂavonoids, and sesquiterpene caryophyllene, 5-
O-E-caffeoylquinic acid, vicenin-2, and 2-O-actetyl lychnopholic
acid were utilized, respectively. The results are presented
below.
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Table 1
Peak identiﬁcation.
Peak r.t. (min) Compounds Accurate mass/exact mass: [M-H]− Error (ppm) Ions identiﬁcation keys (m/z) UV  max  (nm)
1 8 protocatechuic acid 153.0187/153.0193 3,9 [M-H]− 153 260, 290
2  9.3 3-O-caffeoylquinic acid 353.0880/353.0878 0.6 [M-H]− 353 → 191 b.p.; 179 292, 325
3  13.3 3-O-p-coumaroylquinic acid 337.0931/337.0929 0.6 [M-H]− 337 → 163 b.p. → 119 310
4 18.2  4-O-caffeoylquinic acid 353.0883/353.0878 1.4 [M-H]− 353 → 173 b.p.; 179. 191 292, 323
5  19.5 5-O-caffeoylquinic acid 353.0879/353.0878 0.3 [M-H]− 353 → 191 b.p.; 299, 325
6 24.7  4-O-p-coumaroylquinic acid 337.0929/337.0929 0 [M-H]− 337 → 173 b.p.; 163 173 → 154;111;93 310
7  28.7 5-O-p-coumaroylquinic acid 337.0930/337.0929 0.9 [M-H]− 337 → 191 b.p. 311
8 33.4  5-O-feruloylquinic acid 367.1029/367.1034 1.4 [M-H]− 367 → 191 b.p.; 173 299,323
9 34.4  vicenin-2 (6,8-di-C--glucosylapigenin) 593.1518/593.1511 1.2 [M + H]+ 595b.p. [M + H-H2O]+ 577 595 → 457 [M-H]− 593
b.p. 593 → 575. 503, 473b.p.,  383, 353
271, 334
10 45.8  3,4-di-O-E-caffeoylquinic acid 515.1193/515.1195 0.4 [M-H]− 515 → 353 b.p.; 335;173 353 → 173 b.p.;
179;191;135
299, 324
11 49.1  3,5-di-O-E-caffeoylquinic acid 515.1193/515.1195 0.4 [M-H]− 515 → 353 b.p.; 353 → 191 b.p. 292, 327
12 56.2  3-O-E-coumaroyl,5-O-p-caffeoylquinic acid 499.1248/499.1246 0.4 [M-H]− 499 → 337 b.p.; 337 → 163 b.p.; 173 299, 321
13 57.1  3-O-E-caffeoyl,5-O-p-coumaroylquinic acid 499.1246/499.1246 0 [M-H]− 499 → 353 b.p.; 353 → 191 b.p. 299, 320
14 58.1  4,5-di-O-E-caffeoylquinic acid 515.1188/515.1195 1.3 [M-H]− 515 → 353 b.p.; 353 → 173b.p.;179;191;135 299, 328
15 58.9  4-O-feruloyl 5-O-caffeoylquinic acid 529.1348/529.1351 0.6 [M-H]− 529 → 367 b.p.;335;193,173 367 → 193b.p.;173;133 299, 328
16 61.9  3,4-di-O-p-coumaroylquinic acid 483.1289/483.1296 1.4 [M-H]− 483 → 319 b.p.;337 310
17 64.2  3,5-di-O-p-coumaroylquinic acid 483.1288/483.1296 1.6 [M-H]− 483 → 337 b.p.; 319 337 → 163b.p. 312
18  75.4 4,5-di-O-p-coumaroylquinic acid 483.1291/483.1296 1.0 [M-H]− 483 → 337 b.p.; 319 337 → 173b.p. 312
19  91.3 lychnopholic acid 249.1506/249.1502 1.6 [M-H]− 249 [M + H]+ 251 [M + Na]+ 273 230
20 111.1  2-O-acetyl lychnopholic acid 291.1603/291.1601 0.7 [M-H]− 291 [M + H]+ 293 [M + Na]+ 315 230
r.t., retention time.
b.p., base peak (100% relative intensity).
Fig.
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 con
sid
eration
 for
 th
e
th
ree
 stan
d
ard
s,
 an
d
 a
 broad
 in
terval
 an
alysis
 w
as
 em
p
loyed
,
n
am
ely
 from
 2
 to
 500
 
g
 m
L −
1,
 w
h
ich
 covered
 all
 th
e
 exp
ected
con
cen
tration
s
 in
 th
e
 sp
ecim
en
s.
 Th
e
 con
cen
tration
 of
 2
 
g
 m
L −
1
w
as
 n
ot
 u
sed
 for
 con
stru
ction
 of
 th
e
 calibration
 cu
rve
 in
 th
e
p
articu
lar
 case
 of
 vicen
in
-2,
 so
 th
e
 con
cen
tration
 ran
ge
 covered
for
 th
is
 com
p
ou
n
d
 w
as
 5–500
 
g
 m
L −
1.
 Th
e
 regression
 equ
ation
s
an
d
 th
e
 squ
ared
 correlation
 coefﬁ
cien
ts
 w
ere:
 Y
 =
 603.9X
 +
 5.507
for
 vicen
in
-2
 (300
 n
m
),
 R
2
=
 0.999;
 Y
 =
 51.93X
 +
 2.102
 for
 5-O
-E-
caffeoylqu
in
ic
 acid
 (300
 n
m
),
 R
2
=
 0.999;
 an
d
 Y
 =
 432.5X
 +
 2.145
 for
2-O
-actetyl
 lych
n
op
h
olic
 acid
 (254
 n
m
),
 R
2
=
 0.999.
3.3.
 
Lim
its
 of
 detection
 and
 quantitation
Th
e
 lim
it
 of
 d
etection
 an
d
 th
e
 m
in
im
u
m
 an
d
 m
axim
u
m
 lim
-
its
 of
 qu
an
titation
 for
 th
e
 stan
d
ard
s
 w
ere
 d
eterm
in
ed
 from
 th
e
calibration
 cu
rve
 con
stru
cted
 for
 assessm
en
t
 of
 lin
earity.
 Th
e
 lim
-
its
 are
 con
sisten
t
 w
ith
 th
e
 requ
irem
en
ts
 for
 an
alysis
 of
 th
e
 target
sp
ecim
en
s
 (Table
 2).
Precision
 valu
es
 are
 exp
ressed
 as
 th
e
 coefﬁ
cien
t
 of
 variation
(C
V
),
 accord
in
g
 to
 th
e
 form
u
la:
 C
V
 (%
)
 =
 SD
/D
A
C
 ×
 100,
 w
h
ere
 SD
is
 th
e
 stan
d
ard
 d
eviation
 an
d
 D
A
C
 is
 th
e
 d
eterm
in
ed
 average
 con
-
cen
tration
.
A
s
 for
 rep
eatability,
 correlation
 betw
een
 th
e
 resu
lts
 w
as
 d
eter-
m
in
ed
 w
ith
in
 a
 sh
ort
 p
eriod
,
 u
sin
g
 d
ata
 m
easu
red
 by
 th
e
 sam
e
an
alyst
 by
 m
ean
s
 of
 th
e
 sam
e
 in
stru
m
en
tation
.
 Th
e
 coefﬁ
cien
ts
 of
variation
 w
ere
 ap
p
rop
riate
 for
 th
is
 w
ork
 an
d
 lay
 below
 th
e
 recom
-
m
en
d
ed
 valu
e
 of
 5%
 (Table
 2).
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Table  2
Parameter values in the validation of the analytical methodology.
Compound Minimum detection limits
(DL min.) and minimum (QL min.)
and maximum (QL max.) limits of
quantiﬁcation (g mL−1).
Repeatability (CV%) Intermediate precision (CV%) Recovery (%)
DL QL min. QL max. Low Medium High Low Medium High Low Medium High
5-O-E-caffeoylquinic
acid
2 5 500 0.37 0.17 0.33 0.71 0.85 0.54 104 105 100
Vicenin-2 5 10 500 0.98 1.28 0.25 1.34 1.73 1.06 103 102 105
2-O-acetyl
lychnopholic acid
2 5 500 0.22 0.08 0.29 0.45 0.15 0.58 87 83 85
Values obtained for the standards: minimum detection limits (DL min), minimum limits of quantiﬁcation (QL min) and maximum (QL max.); repeatability: values of coefﬁcients
of  variation (%); intermediate precision: values of coefﬁcients of variation (%) obtained at three different concentrations (low: 50 g mL−1, medium: 100 g mL−1 and high:
150  g mL−1) on different days; recovery: values expressed as extraction % in three different concentrations (low, medium and high).
Table  3
Estimated concentrations of the major secondary metabolites of Lychnophora salici-
folia leaves.
Sample Estimated concentration (g mL−1 extract)
Chlorogenic acids Vicenin-2 Caryophyllene derivatives
321 54.0 90.0 56.71
325 35.1 53.8 24.86
327 23.7 52.8 21.55
338 51.4 48.9 24.29
343 73.2 21.3 3.82
344 37.8 66.7 60.96
347 121.6 55.4 56.57
348 91.1 57.2 37.93
362 155.9 53.1 35.25
363 128.4 20.0 7.01
Evaluation of the intermediate precision obtained on different
days also furnished values below 5% (Table 2).
3.4. Recovery
Recovery, a measure of the extraction efﬁciency of the analytical
method, was analyzed by addition of standards to a “blank matrix”
and their subsequent extraction. Lower values are related to 2-O-
acetyl lychnopholic acid, but all the values are satisfactory for the
purposes of this work (Table 2).
3.5. Stability
For the stability analysis, samples from specimen 321 were pre-
pared and assayed at different times. The adjusted areas of the
major signals did not change signiﬁcantly over the studied period,
and the CV obtained for all the areas of the chromatographic peaks
lay below 5%. Considering the need to keep the samples in the
autosampler for analysis of chemical variability, a 48 h period was
deemed sufﬁcient time for completion of this work. However, actu-
ally no more than 24 h was necessary for any of the analyses. In
the case of the standard solutions, a period of 24 h was also the
maximum time stipulated for a sample to be left to stand until its
injection into the liquid chromatograph. The solution containing
caffeine 0.1 mg  mL−1 was  also assessed for stability for a period
of up to 48 h. There was  no signiﬁcant variation in the concentra-
tion of the solutions after they were left to stand for 48 h at room
temperature.
Validation of the analytical method ensured the reliability and
credibility of the results for the purposes of this study, covering the
concentration range required for analysis of the chemical variabil-
ity. The validated method presented suitable limits of detection and
quantitation, precision, and recovery.
3.6. Evaluation of the chemical variability of 93 specimens of
arnicão Lychnophora salicifolia Mart.
Analysis of the chemical variability of different specimens of L.
salicifolia revealed that the major metabolites present in the polar
(methanol) extract from the leaves of this plant are protocatechuic
acid, 5-O-E-caffeoylquinic acid, vicenin-2, 3,5 di-O-E-caffeoylquinic
acid, 4,5 di-O-E-caffeoylquinic acid, 3,5 di-O-E-coumaroylquinic
acid, 4,5 di-O-E-coumaroylquinic acid, lychnopholic acid, and 2-
O-acetyl lychnopholic acid.
There was a quantitative variation between samples belonging
to specimens from the same location, but on average they were
similar from a chemical viewpoint, if one takes into account the
inherent variability of biological samples (Fig. 1sd in supplemen-
tary material). The graphs suggesting this are also available in the
supplementary material. They were obtained from the sum of the
Table 4
Detection by HPLC-DAD of the major metabolites present in the alcoholic extract of Lychnophora salicifolia leaves.
Samples Localization Prot. ac. 5-CQA Vic-2 3,5 diCQA 4,5 diCQA 3,5 diCoQA 4,5 diCoQA Lychn. ac. 2-O-acet. lychn. ac.
321 Bahia (Piatã) + + + + + + +
325  + + + + + + +
327  + + + + + + +
338  Bahia (Jussiape) + + + + + + +
343 Bahia (Rio das Contas) + * + + + + +
344  + * + + + + + + +
347 Minas Gerais + + + + + + + + +
348  + + + + + + + + +
362  + + + + + + + + +
363 Goiás + + + + + + * *
+ indicates the detection of the chromatographic signal related to the secondary metabolite.
*indicates the signals identiﬁed at very low quantities.
Prot. ac., protocatechuic acid; 5-CQA, 5-O-E-caffeoylquinic acid; Vic-2, vicenin-2; 3,5 diCQA, 3,5 di-O-E-caffeoylquinic acid; 4,5 diCQA, 4,5 di-O-E-caffeoylquinic acid; 3,5
diCoQA,  3,5 di-O-E-coumaroylquinic acid; 4,5 diCoQA, 4,5 di-O-E-coumaroylquinic acid; lychn.ac., lychnopholic acid;. 2-O-acet. lychn. ac., 2-O-acetyl lychnopholic acid.
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areas of the major secondary metabolites present in different L.
salicifolia specimens (Fig. 2sd in supplementary material).
Table 3 displays the estimated values of the concentrations
of the major secondary metabolites present in the polar extract
from the leaves of different L. salicifolia specimens. These values, as
analyzed by HPLC-DAD, are related to the calculation from the cal-
ibration curves for each class of metabolites, and that is why they
are considered to be estimations.
The data in Table 3 suggest that vicenin-2 is present in large
proportion in specimens from the state of Bahia, except for speci-
men  343, in which vicenin-2 appears in much smaller proportion
as compared to the other specimens. The metabolite 3,5 di-O-E-
caffeoylquinic acid is also present in a large ratio in specimen 343.
It is interesting to note that, among all the samples from the state of
Bahia, 3,5 di-O-E-coumaroylquinic was only detected in specimen
343, in large proportion.
Specimen 343 was collected at lower altitude (1276 m)  in Bahia,
whereas specimens 321, 325, and 327 were collected in Piatã,
which is considered the highest and coldest city in this state
(1377 m).  As for specimen 363, it was collected at a higher alti-
tude in Goiás (1453 m),  and it stands out because of its minimum
contents of caryophyllene derivatives but larger proportion of 5-
O-E-caffeoylquinic acid and 3,5 di-O-E-coumaroylquinic acid, as
opposed to most samples from the state of Bahia, for which the
latter metabolites were not detected. It is also noteworthy that
specimen 363 does not contain 4,5 di-O-E-coumaroylquinic acid,
which was detected in all the other analyzed samples. Returning to
specimen 343, it is worth mentioning that this was  the only sample
for which 2-O-acetyl lychnopholic acid was not detected (Table 4),
although it was found in all the other specimens analyzed in this
study, albeit at very low concentrations in specimen 363.
Table 4 also evidences the absence of 5-O-E-caffeoylquinic
acid and 3,5 di-O-E-cumaroylquinic acid in the samples from
the state of Bahia. Specimen 344, in turn, displays a transition
proﬁle between those of the samples from Bahia and Minas
Gerais in terms of polar metabolites; i.e., non-detection of 5-O-
E-caffeoylquinic acid, characteristic of samples from Bahia, and
detection of 3,5 di-O-E-cumaroylquinic acid, typical of samples
from Minas Gerais. Specimen 344 was collected from a place
near where specimen 343 was found, and it is another distinct
specimen among the samples collected in Bahia. 3,5 di-O-E-
caffeoylquinic acid was present in lower proportion in specimen
344, and 3,5 di-O-E-cumaroylquinic acid was also detected in this
specimen.
As for the specimens collected in the state of Minas Gerais, they
displayed the greatest diversity of metabolites, and all the target
compounds were detected.
Hierarchical cluster analysis indicated the existence of 4 distinct
subgroups of specimens. The K-means cluster analysis furnished
the distribution of specimens within each group. Considering the
geographical variables, the ﬁrst group was formed by specimens
321, 325, 327, 338, and 343; the second group consisted of speci-
mens 344; the third group was composed by specimens 347, 348,
and 362; and the fourth group contained specimens 363 (Table 5).
On the basis of the arrangement of specimens into groups, the
Hotteling T2 test was carried out by using the concentration of
secondary metabolites only. From a chemical standpoint, this test
conﬁrmed that there are differences among plants on a multivariate
level, depending on the geographical characteristics of the groups.
K2 cluster analysis (K-means), conducted by employing only the
concentration of plant metabolites as variables, gave similar but
not the same sample arrangement into groups as that obtained in
the case of K1 (geographical arrangement) (Table 5).
Despite the small differences in terms of the arrangement of
specimens as determined by K1 and K2 analysis, it was  possible
to establish a general standard. Group 1, in which specimens were Ta
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Table  6
Analysis of the canonical correlations built for the metabolic variables and variables representing different geographical samples of Lychnophora salicifolia.
Variable First canonical root
Canonical scores Canonical loads
5-O-E-caffeoylquinic acid (X1) −0.981612 −0.85
Vicenin-2 (X2) 0.185822 0.26
3,5-di-O-E- caffeoylquinic acid (X3) −0.769150 −0.14
Lychnopholic acid (X4) 0.030826 −0.02
2-O-acetyl lychnopholic acid (X5) −0.094456 −0.18
Latitude (Y1) 0.732073 0.47
Longitude (Y2) 0.970816 0.76
Altitude (Y3) 0.319775 −0.25
Variance extracted from X1 → X5 = 83.32% Variance extracted from Y1 → Y3 = 100.00%
Representation of Y on X = 47.11% Representation of X on Y = 60.00%
Chi2 = 167.22; df = 15; p < 0.0001; Eigenvalue = 0.8; Lambda Prime = 0.125 Redundancy = 0.9 (R2 = 0.8)
placed on the basis of metabolite concentration (K2 analysis), con-
sisted mainly of specimens collected in the state of Bahia, as well
as specimen 348, which was collected in Minas Gerais. All these
specimens were collected from regions located at lower altitude,
namely 748 m.  Concerning this same analysis (K2), the third group
was constituted by a small proportion of specimens from the north
of Minas Gerais (specimen 347), a small part of specimen 348, and
a small proportion of specimen 344, collected near Rio de Contas,
Bahia. So, if Piatã-Bahia is taken as baseline, plants located farther
(specimens 362 and 363) from this region can be deemed statisti-
cally separated from the other specimens, indicating that there is
a correlation between geographical distance from the baseline and
decrease in the chemical similarity of these plants with respect to
their metabolites content. Moreover, specimen 343 belongs to a
separate group simply because it displays a different metabolite
proﬁle, with fewer chromatographic signs from both a qualitative
and quantitative viewpoint.
Detection of the main metabolites and investigation of the
inﬂuence of geographical location were accomplished by principal
component analysis (PCA). In a ﬁrst step, PCA(1) was performed by
taking all the metabolites and geographical variables into account.
This analysis indicated the presence of ﬁve axes (CP 1 → 5) whose
eigenvalues exceeded the unity. However, only the ﬁrst two prin-
cipal components (CP1 and CP2) correlated (in module) with up
to six geographical variables, so they were deemed signiﬁcant for
the purposes of this study (Table 1sd in supplementary material).
According to the correlations with CP1 and CP2, the concentrations
of the metabolites 5-O-E-caffeoylquinic acid, vicenin-2, 3,5-di-O-E-
caffeoylquinic acid, and 2-O-acetyl lychnopholic acid were higher
than 6 (in module) and were considered to be correlated with
geographical variables. As for the other metabolites, namely 4,5-
di-O-E-caffeoylquinic acid, 3,5-di-O-E-coumaroylquinic acid, and
lychnopholic acid, they strongly correlated with axes that were
not considered representative for the purposes of this work. More-
over, 4,5-di-O-E-coumaroylquinic acid was not representative of
any of the ﬁve factors studied herein (Table 1sd in supplementary
material).
A new PCA analysis, PCA(2), was carried out by taking only
the signiﬁcant variables calculated by PCA(1), geographical coor-
dinates, and metabolite concentrations into consideration. The
non-signiﬁcant variables were included in PCA(2) as supplemen-
tary variables only. In this analysis, two eigenvalues exceeded unity.
Together, CP1 (eigenvalue 3.53) and CP2 (eigenvalue 2.47) retained
75.03% of all the information contained in the samples distribution
on the dimensional map  (Fig. 3). PCA(2) evidenced two important
contrasts. First, longitude, latitude, and altitude were on opposite
sides of the metabolite variables with respect to CP1 extremities
(Fig. 3), which indicates that there is a rise in metabolite concen-
tration upon reduction of the values representing the geographical
variables.
As for the second contrast, vicenin-2, lychnopholic acid, and
2-O-acetyl lychnopholic acid are located on the positive side of
the CP2 axis when it comes to the variable longitude, while 5-O-
caffeoylquinic acid and 3,5 di-O-E-caffeoylquinic acid are detected
in the negative region of CP2 in the case of the variable altitude
(Fig. 3). This suggests a negative correlation between altitude and
vicenin-2, lychnopholic acid, and 2-O-acetyl lychnopholic acid con-
centrations and is an indication that the samples located at lower
longitudes have higher concentrations of 5-O-caffeoylquinic acid
and 3,5 di-O-E-caffeoylquinic acid.
To conﬁrm the correlation between geographical distribution
of the plants and the plant metabolite composition, canonical
correlation analysis (CCA) was carried out by using all the geo-
graphical variables (latitude, altitude, longitude) as the ﬁrst group
of variables, and the signiﬁcant metabolite variables, namely 5-
O-E-caffeoylquinic acid, vicenin-2, 3,5 di-O-E-caffeoylquinic acid,
lychnopholic acid, and 2-O-acetyl lychnopholic acid, as judged from
PCA(1), as the second group of variables. This analysis indicated
that these two  canonical roots were representative, with p < 0.01
(chi-square test). However, only the ﬁrst root was considered,
because it presented signiﬁcant canonical redundancy (R2 = 0.8).
Fig. 3. Two-dimensional plot of geographical and metabolic variables of
Lychnophora salicifolia, second principal component analysis (PCA2).
5-CQA: 5-O-E-caffeoylquinic acid; vic-2: vicenin-2; 3,5 diCQA: 3,5 di-O-E-
caffeoylquinic acid; lychn.ac.: lychnopholic acid;. 2-O-acet. lychn. ac.: 2-O-acetyl
lychnopholic acid. A, B, C, D, E, F, G, H are the other analyzed compounds that did
not  correlate (for more information see supplementary material Table 1sd).
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Additionally, the CCA results showed 100 and 83% variability for
the ﬁrst and second group of variables, respectively. In other words,
the geographical and metabolite sets of variables have different
variability percentages (Table 6).
Taken together, the data from the present work suggest that 40%
of the variation in the metabolite concentration data is shared by
geographical data variation, whilst 60% of the variability in terms of
the spatial data is prompted by the metabolite variables. Thus, there
is a moderate but signiﬁcant level of linear correlation between
the two groups of variables. In conclusion, both statistical meth-
ods employed here, namely cluster analysis and CCA, evidenced
that metabolite concentration is closely related to the geographi-
cal distribution of plant specimens. However, it is not possible to
determine the location of the samples by means of the studied
metabolite variables only. Moreover, one cannot pinpoint which
factors are responsible for the differences in terms of metabolites
among the investigated samples. This is because the factors inﬂu-
encing secondary metabolism do not act alone. Another reason for
this variability in plant metabolism may  be that several factors can-
not be controlled during the study of wild plants, such as the action
of herbivores, differences in climate and altitude, plant age, and
phenological cycles, among others. It was possible to verify that the
secondary metabolism of the species L. salicifolia varied depending
on the site of collection, but the existence of chemotypes was not
detected.
4. Conclusions
The analytical method employing HPLC-DAD was selective for
the various metabolites found in all the studied specimens, and
it was possible to identify twenty substances in the MeOH/H2O
extract obtained from ground leaves of L. salicifolia. In the speci-
mens collected from the same location, there was a quantitative
variability between the samples, but on average the individuals
were similar from a chemical standpoint. In relation to the speci-
mens collected from different places, there were both quantitative
and qualitative differences. Statistical analysis revealed a correla-
tion between geographical localization and decreased similarity of
the polar metabolites proﬁle among plants from different sites.
This indicated that the pattern found for the concentration of
metabolites depends on the geographical distribution of the spec-
imens. However, it is not possible to determine the location of
the samples by only taking the studied metabolite variables into
account.
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